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(54) ZOOM LENS 
(57)Abstract: 

PURPOSE: To obtain a zoom lens capable of enhancing 
the degree of freedom in design without making a video 
camera thick or slender and making the diameter of a 
front lens smaller though the angle of view at a wide- 
angle end is wide. 

CONSTITUTION: This zoom lens 10 is constituted by 
arranging a 1 st group 1 1 having positive refractive 
power, a 2nd group 1 2 having negative refractive power, 
a diaphragm 15, a 3rd group 13 having the positive 
refractive power, and a 4th group 14 having the positive 
refractive power in order from an object side. The 1st 
and the 2nd groups 1 1 and 1 2 constitute a variable 
power system. The 1st group 1 1 is constituted by 
arranging a concave lens L1, a rectangular prism P, a 
convex lens L2, and a bonded lens of a concave lens L3 
and a convex lens L4 in order from the object side. 
Since the optical axis of a light beam from the object is 
bent at a right angle by the prism P, the length in an 
incident optical axis direction is drastically shortened. By 
allowing the prism P to intervene, a distance between the concave lens L1 and the group of the 
lenses L2 to L4 becomes long and the rear side principal point of the 1st group 1 1 are brought 
near to the rear, so that the focal distance of the 1st group 1 1 is shortened, which is 
advantageous to attain the wide angle. 
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* NOTICES * 

Japan Patent Offic is not responsible for any 
damages caused by the us of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The variable power system which becomes order from the 1st group which has positive 
refractive power, and the 2nd group which has negative refractive power from a body side, In the 
zoom lens with which drawing and the 4th group in which movement for having positive refractive 
power, always having the 3rd group of fixation and positive refractive power, and adjusting a focal 
position at the time of variable power and change of photographic subject distance etc. is 
possible have been arranged The 1 st group of the above is a zoom lens with which it comes to 
allot the cemented lens of the 1st concave lens, a rectangular prism, the 1st convex lens, the 
2nd concave lens, and the 2nd convex lens in order [ side / body / above-mentioned ]. 
[Claim 2] The zoom lens according to claim 1 characterized by the 1 st group of the above 
satisfying the conditions of following (1) and (2) mostly. 

(1) 1.72< — n1 (2) -7< — nu1-nu2<15, however n1: — refractive-index nu1: in e line of the 
medium of the 1st concave lens — Abbe number nu2: in e line of the medium of the 1st concave 
lens — the Abbe number in e line of the medium of the 1st convex lens [Claim 3] The zoom lens 
according to claim 1 characterized by the 1 st group of the above satisfying the conditions of 
following (1) mostly. 

(1) 1.65<nP, however nP : the refractive index in e line of the medium of a rectangular prism 
[Claim 4] The zoom lens according to claim 1 characterized by the field by the side of the image 
of the 2nd convex lens of the 1st group of the above being the aspheric surface. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsibl for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is applied to a video camera etc. and relates to a suitable 
zoom lens. While shortening the length of incident-light shaft orientations sharply by considering 
in detail the 1st county which constitutes a variable power system as the composition which 
allotted the cemented lens of the 1st concave lens, a rectangular prism, the 1st convex lens, the 
2nd concave lens, and the 2nd convex lens, the field angle of a wide angle edge is applied to the 
zoom lens which could be made to make front **** small comparatively [ latus ] 
[0002] 

[Description of the Prior Art] In recent years, the zoom lens used for a video camera is the so- 
called inner focus formula zoom lens which moves the 4th group of positive refractive power and 
adjusts a focal position by positive, negative, positive, and positive refractive-power arrangement 
as a whole while arranging drawing just before the 3rd group of fixation, moving the 2nd group of 
negative refractive power and mainly performing variable power. By using this inner focus formula 
zoom lens, the miniaturization of a video camera can be attained compared with what uses the 
so-called conventional front ball delivery formula zoom lens (refer to JP,3-33710,A). 
[0003] 

[Problem(s) to be Solved by the Invention] however, if it thinks also including the thickness of 
the circuit board placed the thickness of an image pck~up element, and behind an image pck-up 
element only by having become an inner focus formula zoom lens, and becoming about about 70% 
by the overall-length ratio together with the effect of an aspheric lens compared with a front ball 
delivery formula zoom lens although the miniaturization was attained, it will not have contributed 
to the forge fire by which the optical-system overall length became short at the 'miniaturization 
of the whole video camera Although the design of a video camera is mostly decided by the 
mechanism deck, the cell, and arrangement of a lens, if a lens is arranged not beside an 
overstatement but beside the mechanism deck of a rectangular parallelepiped, it will turn into a 
thick design, and if it arranges in front of the mechanism deck, it will turn into a thin and long and 
slender design. 

[0004] This invention aims at offering the zoom lens which can raise the flexibility of a design for 
a video camera the ** which is not thick long and slender, either. Moreover, this invention aims 
at solving the fault of the high scale-factor zoom lens for video cameras that the field angle of a 
wide angle edge is narrow compared with the standard zoom lens for still cameras. 
[0005] 

[Means for Solving the Problem] The variable power system to which this invention becomes 
order from the 1st group which has positive refractive power, and the 2nd group which has 
negative refractive power from a body side, In the zoom lens with which drawing and the 4th 
group in which movement for having positive refractive power, always having the 3rd group of 
fixation and positive refractive power, and adjusting a focal position at the time of variable power 
and change of photographic subject distance etc. is possible have been arranged As for the 1st 
group, it comes to allot the cemented lens of the 1st concave lens, a rectangular prism, the 1st 
convex lens, the 2nd concave lens, and the 2nd convex lens in order [ side / body ]. 
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[0006] 



[0008] The cemented lens of a concave lens LI, rectangular-prism P a convex I™* 19 = 

aberration STr! ^ ^ ? ?! V 3 W ' de angle edge su PP r essing small distortion 

concave lens L1 has the amendment need with the convex lens L2 ^ the ZZta^X^ 
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the Abbe number of a convex lens L2 will exceed a minimum for amendment of the chromatic 
aberration of a scale factor, and g line will spread outside, amendment of the axial overtone 
aberration of a tele edge becomes difficult. 

[0014] It is for making total reflection cause by rectangular-prism P, and it is making high the 
refractive index np of rectangular-prism P, and they enable it to apply total reflection and make 
[ the conditions of (3) enlarge a critical angle, ] quantity of light loss the minimum while they 
make small the inclination within rectangular-prism P of the chief ray of a wide angle edge. 
[0015] In the above composition the beam of light from a body (photographic subject) Pass the 
concave lens L1 which constitutes the 1st group 1 1, and the direction of an optical axis is bent 
right-angled by rectangular-prism P. The cemented lens of the convex lens L2 which constitutes 
the 1st group 1 1 after that, a concave lens L3, and a convex lens L4 is passed, the 2nd group 12, 
drawing 15, the 3rd group 13, the 4th group 14, and a light filter 16 are passed further, and the 
image surface is reached. In this case, although the image on an image pck-up element turns into 
an image which right and left or the upper and lower sides reversed by bending an optical axis 
once by rectangular-prism P, in a video camera, it can perform easily changing to an erect 
normal image by signal processing etc. 

[0016] Below, the numerical example of an example 1 and an example 2 is shown. In this 
numerical example ri (i=1-26) The radius of curvature of the i-th field [mm], A refractive index 
[ in / e line of the j-th medium / di (i=1-25), and / in nj 0=1-13) ], / the i-th spacing [mm] The 
Abbe number [ in / e line of the j-th medium / in nuj 0=1-13) ] f a refractive index / in / e line of 
the medium of rectangular-prism P / in np ], and nup are the Abbe numbers in e line of the 
medium of rectangular-prism P. 
[0017] [Example 1] 

A. (the radius of curvature of each side, the interval of each side, the refractive index of each 
medium, Abbe number of each medium) 

r1 400. d1 1. n1 1.83930 nu 1 37.1 r2 38.253 d2 4.3r3 infinity d3 10. nP 1.70559 nuP 40.9r4 infinity 
d4 9.5 nP 1.70559 nuP 40.9r5 infinity d5 1.r6 61.845 d6 2.75 n2 1.83930 nu 2 37.1 r7 -61.845 d7 
0.2r8 16.539 d8 0.75 n3 1.85505 nu 3 23.6r9 10.101 d9 4.815 n4 1.69980 nu 4 55.3r10 62.756 
d10r11 94.821 d11 0.5 n5 1.83930 nu 5 37.1 r1 2 5.389 d12 1.72r13 -6.762 d13 0.5 n6 1.66152 nu 6 
50.6M4 7.132 d14 1.823 n7 1.85505 nu 7 23.6H5 -32.461 d15r16 7.096 d16 4.183 n8 1.69661 nu 8 
53.0H7 -25.713 d170.2r18 20.07 d18 2.064 n9 1.51872 nu 9 64.0M9 -29.137 d19 0.5 n10 1.85505 
nu 10 23.6r20 7.517 d20r21 10. d21 0.8 n1 1 1.494 nu 11 56.8r22 10. d22 0.2r23 8.167 d23 2.943 
n12 1.51872 nu 12 64.0r24 -13.305 d24r25 infinity d25 3.32 n13 1.55898 nu 13 58.3r26 infinity 
[0018] 

B. (aspheric surface coefficient) 

An aspheric surface coefficient A4 A6 A8 A10r16 page - 0.3923X10-3 -0.4897X10-5 0.3836X10- 
7 The -0.3000X1 0-8R22nd Page 0.9229x10-3 0.1212x10-4 -0.4148x10-8 The definition of the 
0.1810x10-8 aspheric surface: 1+(1-H2/ri2) 1/chii=H2/ri{2}+sigmaAjHj, however depth [ of the 
chihaspheric surface ] H : Height from an optical axis [0019] C. (the position of drawing, focal 
position) 

Drawing is 0.7mm of r16 page front, and a focal position is 2.0mm [0020] of r26 page back. D. 
(interval of each field corresponding to focal distance f [mm]) 

Focal distance f 3.72 14.296 28.644 f numbers 1.43 1.92 2.35d10 0.9 10.172 I3.507d15 14.757 
5.485 2.15d20 3.884 1.441 3.874d24 2.213 4.657 2.223 [0021] Drawing 2 , drawing 3 , and drawing 
4 show the spherical aberration at the time of being f= 3.72, f= 14.296, and f= 28.644, 
respectively, astigmatism, apd distortion aberration. That is, drawing 2 can set the focal distance 
of middle [ drawing 3 / a wide angle edge and ], and drawing 4 to a tele edge. In drawing 2 - 
drawing 4 , spherical aberration [ in / e line / in a solid line e ], spherical aberration / in / c 
line / in an alternate long and short dash line c ], and the dashed line g show the spherical 
aberration in g line. Moreover, in drawing 2 - drawing 4 , astigmatism [ in / a sagittal plane / in a 
solid line S ] and a dashed line M are the astigmatism in a meridional plane. In addition, F shows 
the f number and omega shows the half-field angle. 
[0022] [Example 2] 

A. (the radius of curvature of each side, the interval of each side, the refractive index of each 
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medium, Abbe number of each medium) 

r1 315.511 d1 1. n1 1.77621 nu 1 49.4r2 35.068 d2 6.464r3 infinity d3 10. nP 1.70559 nuP 40.9r4 
infinity d4 9.5 nP 1.70559 nuP 40.9r5 infinity d5 0.5r6 25.67 d6 3.62 n2 1.83930 nu 2 37.1 r7 - 
270.691 d7 0.2r8 24.568 d8 0.75 n3 1.85505 nu 3 23.6r9 11.111 d9 4.702 n4 1.69661 nu 4 53.0r10 
75.94 d10r11 20.69 d11 0.5 n5 1.83962 nu 5 42.8M2 5.469 d12 2.064r13 -6.748 d!3 0.5 n61.66152 
nu 6 50.6r1 47.407 d14 1.765 n7 1.85505 nu 7 23.6M5 -80.117 d15r16 8.771 d16 2.897 n8 1.69661 
nu 8 53.0M7 -79.477 d17 0.2r18 7.106 d18 3.111 n9 1.51978 nu 9 51.9M9 -66.263 d19 0.5n10 
1.85505 nu 10 23.6r20 5.762 d20r21 10. d21 0.8 n11 1.494 nu 11 56.8r22 10. d22 0.2r23 7.657 d23 
2.691 n12 1.51872 nu 12 64.0r24 -16.529 d24r25 infinity d25 3.32 n13 1.55898 nu 13 58.3r26 
infinity [0023] 

B. (aspheric surface coefficient) 

Aspheric surface coefficient A4 A6 A8 A10r10 page 0.1383x10-4 The 0.41 75x1 0-7r1 6th page - 
0.1518x10-3 The -0.1521x10-5r22nd page 0.9186x10-3 -0.1178x10-4 0.1273x10-5 -0.2186x10-7 
[0024] C. (the position of drawing, focal position) 

Drawing is 0.7mm of r1 6 page front, and a focal position is 2.0mm [0025] of r26 page back. D. 
(interval of each field corresponding to focal distance f [mm]) 

Focal distance f 3.72 17.336 35.711 f numbers 1.63 1.88 2.55d10 0.9 12.482 16.214d15 17.464 
5.882 2.15d20 4.826 1.555 4.81 6d24 2.104 5.285 2.024 [0026] Drawing 5 , drawing 6 , and drawing 
7 show the spherical aberration at the time of being f= 3.72, f— 1 7.336, and f= 35.71 1 , 
respectively, astigmatism, and distortion aberration. That is, drawing 5 can set the focal distance 
of middle [ drawing 6 / a wide angle edge and ], and drawing 7 to a tele edge. In drawing 5 - . 
drawing 7 , spherical aberration [ in / e line / in a solid line e ], spherical aberration / in / c 
line / in an alternate long and short dash line c ], and the dashed line g show the spherical 
aberration in g line. Moreover, in drawing 5 - drawing 7 , astigmatism [ in / a sagittal plane / in a 
solid line S ] and a dashed line M are the astigmatism in a meridional plane. In addition, F shows 
the f number and omega shows the half-field angle. 

[0027] In the zoom lens 10 of this example explained above, since an optical axis is bent right- 
angled by rectangular-prism P which constitutes the 1st group 1 1, the length of incident-light 
shaft orientations can be shortened sharply. Therefore, when using it, for example for a video 
camera, it cannot long and slender be [ thick or ] about a video camera by arranging in front of 
the mechanism deck of a rectangular parallelepiped. 

[0028] Moreover, comparatively [ latus ] in the zoom lens 1 0 of this example, the field angle of a 
wide angle edge can make front **** small. That is, since rectangular-prism P is arranged after 
making the inclination of a chief ray small with a concave lens L1, although a field angle is large, 
rectangular-prism P is small and ends. Moreover, an interval spreads because rectangular-prism 
P intervenes, and since a concave lens L1 and the lens group of L2, L3, and L4 with refractive 
power positive on the whole serve as composition which brings near the posterior principal point 
of the 1st group 11 back, they can shorten the focal distance of the 1st group 1 1, and become 
advantageous to wide-angle-izing. 

[0029] In addition, rectangular-prism P of the size which considering the case where 
rectangular-prism P is arranged in front of the conventional zoom lens includes a field angle is 
needed, and if it wide-angle-izes, rectangular-prism P will become huge. Moreover, considering 
the case where extend the interval of the 1 st group 1 1 and the 2nd group 1 2, and rectangular- 
prism P is arranged, between the 1st group 1 1 and the 2nd group 12, since the inclination of a 
chief ray is larger than an incidence inclination, rectangular-prism P becomes still huger. It stops 
furthermore, considering the case where rectangular-prism P is arranged more back than the 
move space of the 2nd group 12, being able to shorten the length of an incident-light shaft 
sharply. 

[0030] Moreover, in the zoom lens 10 of this example, since the field by the side of the image of 
the convex lens 14 which constitutes the 1st group 11 was made into the aspheric surface, 
shortening the lens overall length after bending an optical axis, and high scale-factor-ization of a 
zoom ratio can be reconciled. That is, if refractive power of the 1st group 1 1 and the 2nd group 
12 tends to be strengthened and it is going to obtain a big variable power ratio with the small 
movement magnitude of the 2nd group 12, amendment of the spherical aberration and comatic 
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aberration which are generated from the 1 st group 1 1 in a tele edge will become difficult. The 
aspheric surface can be used for the 1st group 1 1, and a, big effect can be acquired by aspheric- 
surface-izing spherical aberration of an amendment deficit type in the amendment direction to 
the paraxial spherical surface. Although the same effect will be acquired if the aspheric surface 
is introduced into either of the lenses L2, L3, and L4 with which the flux of light spread, by 
considering as the aspheric surface, manufacture of the aspheric surface can be easy and a lens 
L4 can be realized cheaply. 
[0031] 

[Effect of the Invention] Since this invention considers the 1st group which constitutes a 
variable power system as the composition which allotted the cemented lens of the 1 st concave 
lens, a rectangular prism, the 1st convex lens, the 2nd concave lens, and the 2nd convex lens, it 
can shorten the length of incident-light shaft orientations sharply. By arranging in front of the 
mechanism deck of a rectangular parallelepiped by this, when using it for a video camera, it 
cannot long and slender be [ thick or ] about a video camera, and the flexibility of a design can 
be raised. 

[0032] Moreover, since the rectangular prism is arranged after the rectangular prism is arranged 
between the 1st concave lens and the 1st convex lens and makes the inclination of a chief ray 
small with the 1st concave lens, although a field angle is large, a rectangular prism is small and 
ends. And an interval spreads because a rectangular prism intervenes, and since the lens group 
of the 1st concave lens, and the 1st convex lens with refractive power positive on the whole, the 
2nd concave lens and the 2nd convex lens serves as composition which brings near the posterior 
principal point of the 1st group back, it can shorten the focal distance of the 1st group and 
becomes advantageous to wide-angle-izing. Thereby, comparatively [ latus ], the field angle of a 
wide angle edge can make front **** small. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the composition of the example of the zoom lens concerning 
this invention. 

[Drawing 2] It is drawing showing the spherical aberration in the wide angle edge of an example 1 , 
astigmatism, and distortion aberration. 

[Drawing 3] It is drawing showing the spherical aberration in the middle focal distance of an 
example 1, astigmatism, and distortion aberration. 

[Drawing 4] It is drawing showing the spherical aberration in the tele edge of an example 1, 
astigmatism, and distortion aberration. 

[Drawing 5] It is drawing showing the spherical aberration in the wide angle edge of an example 2, 
astigmatism, and distortion aberration. 

[Drawing 6] It is drawing showing the spherical aberration in the middle focal distance of an 
example 2, astigmatism, and distortion aberration. 

[Drawing 7] It is drawing showing the spherical aberration in the tele edge of an example 2, 
astigmatism, and distortion aberration. 
[Description of Notations] 

1 0 Zoom Lens 

1 1 1 st Group 

12 2nd Group 

13 3rd Group 

14 4th Group 

15 Drawing 

1 6 Light Filter 
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[0 0 0 7] 

x— Ai/yx©- jiMW-ov^iapji-So *w<ox- 

AUyXlOtt, *#«±9*fc, jEOJBlFf^Sr^S 
1 %<»®3\ti i k^Z> < m2m\ 2 i:. jRQ 
15t, JE<Dm$tt}%:mirZM3mi 3 E©JB*f* 

1UI2S1 2 itt«ffiF*«:*riSUT*5D, I2S1 
2 4r»»bTaEffiF3Jsfffcft«. *4»14.S:»t 



(3) 



«MM¥8 - 2 4 8 3 1 8 



[0 0 0 8] !|l»lltt, HIl/yXLl, (ft^JX 

ft^HXAPB, Eflu^XL 1 Sriii§Lfc^O^*i4r 

2"eHt«t«<OBS^*Bt$tt5. Sfc, Jg23¥l2 

[0 0 0 9] Sfc, H3g£l3te, fll/yXL8, O U- 
>XL9*5±tfDfluy7rL 1 0tf**MttB!l± 5Wk:B**t 

tt5 0 $54mi 4te, JBSFMj^SSV^^XL 1 1 

*5J:l>Wi/yXL 1 2ds»flcfliJJ: DUBfcESttT** 
£;ft£ 0 i/VXLl l«X7^f ^^it\ tftflloffitt 
*8ItSft5o uvXL 1 1 ttJB*fA* s tt*T»< , 

[ooio] *fc, *flox-Ai/yxiott, nes 

«Tco (1) - (3) o*ft:*»j£i-5J: 
5fc«/a£*vCV^ 0 - **5* (1) *5±tf (2) 
«=, Sfcii (3) ©*fl=<OV^*t*»fcj«JSi-5J:5te» 

[0011] (1) 1.72< ni 

(2) -7<v 1 -v 2 <15 

(3) 1. 65<n P 

n x : BfluyXL 1 OjB!E«<0 e i»fc*5Jt5ffi*f 

v 2 : fll/yXL 2<^^WOe*{C*3{t5T^^<»: 
n P : iS^Xy XA P coifco e i^io(t ^ BSf ¥ 
[0 0 12] (1) (D&m*. i£AiBfc*5»5±*j»^ 
#ilMfa s *fci*vMifli':'XL l^fe55±t5iIOS* 



r i 


400. 


di 


1. 


ni 


r 2 


38. 253 


d 2 


4.3 




r 3 


CO 


d 3 


10. 


n P 


r 4 


CO 


d 4 


9.5 


n P 


r s 


CO 


d 5 


1. 




r 6 


61. 845 


d 6 


2. 75 


n 2 


r 7 


-61. 845 


d 7 


0.2 




r 8 


16. 539 


d 8 


0. 75 


n 3 


r 9 


10. 101 


d 9 


4. 815 


n 4 


r io 


62. 756 


dio 






r n 


94. 821 


d n 


0.5 




r 12 


5. 389 


d i2 


1.72 





[0 0 13] (2) <D$kWY£. lE**te:tett5fflF*<06 

XL 2-C*|jE-J-« i Kfl*s*5 0 (1) <0&#k1t?x<D 
3Xh4^f)[Ifll/yXL1^7^^5i, 
co&iRHcoMlE^^dil/^XL 2 £>Ts"<StfSTI»*iffi 

[0014] (3) MxyXAPTiM 
£gr £^5fc*!><z>fc<£>T% iM^y XAPOffiJff^n 
p Srffi<i-5r ^IS^M^XyXAP 

[0 0 15] K±<0«/£fc*3^-t\ J&»fc 

U X y X A P T^#*^] ft ft'^> ^i, -^co 
1 ^tSfil/yXL 2, [!fll/yXL3 
*5it^iauvXL 4(OSS*l^^X*aiBU, ££>fc»2 
#12, jR9 1 5. ^3^13, I4#l 4*3<tt>^^ 

i 6 &ms&i'T&m\zmm~tz>a z.<owr&, m 

[0016] ^JS^J 1 & £<m&£#J 2 c9ft«0y 

^r^i" 0 ^OSfcfttWc^o^T, ri (i=l-26) 

i #@60SOft^^S[inm], di (i = l-25) ft i 
#S^ffiiraiH[mm], nj (j =1-13) (ijSI^S 
»^eitftfci3H-5ffi*f*, vj (j=l-13) W:j# 

[0017] 1 ] 

1.83930 v x 37. 1 

1.70559 v P 40.9 
1. 70559 v P 40. 9 

1. 83930 v 2 37. 1 

1. 85505 v 3 23. 6 
1.69980 v 4 55.3 

.. 83930 v 5 37. 1 



(4) #HS¥8 - 2 4 8 3 1 8 



[0 0 18] 



r 13 


-6. 762 




0.5 


n 6 


1. 66152 


V 6 


50.6 


r 14 


7. 132 


d M 


1.823 


n 7 


1. 85505 


V 7 


23.6 


^ 15 


-32. 461 


dis 












r 16 


7. 096 


d 16 


4. 183 


n 8 


1. 69661 


V a 
o 


53.0 


r i? 


-25. 713 


d 17 


0.2 










r is 


20. 07 


d 18 


2. 064 


n 9 


1. 51872 


V g 


64.0 


r 19 


-29. 137 


d 19 


0.5 


n 10 


1. 85505 


v 10 


23.6 


F 20 


7. 517 


d 20 












r 2 i 


10. 


d 21 


0.8 




1.494 


vn 


56.8 


" r 22 


-10. 


— - 


0:2 










r 23 


8. 167 


d 2 3 


2. 943 


n 12 


1. 51872 




64. 0 


r 24 


-13. 305 


d 2 4 












r 25 


oo 


d 2 s 


3. 32 


n 13 


1. 55898 


^13 


58.3 


r 26 


CO 














B. 
















mm 


A 4 




A 6 




A 8 





r 16 j5 -0.3923X10" 3 -0.4897X10- 3 0.3836X10" 7 -0. 3000 X10~ 8 

r 22 m 0.9229X10- 3 0. 1212 xlO" 4 -0.4148X10" 8 0. 1810X10" 8 

*«H©««: % i = H2/r i {1+ (l-H2/ ri 2 ) 

1/2 } H-ZAjHJ" 

H : 

[0 0 19] C. GROOflm, I.Sfil) 
iR 0 tt r 16 ®Ofu^0. 7mm, r 26 ®0^^2. 0 

mm 

[0 0 2 0] D. CffuSSEggf bm]\Z.*t&l,itfrm<Dfa 

m 

m^mmt 3.72 14.296 28.644 

F-Tlss*— 1.43 1.92 2.35 
d 10 0.9 10.172 13.507 

d 15 14.757 5.485 2.15 



r i 


315. 511 


di 


1. 


n x 


1. 77621 


v i 


49.4 


r 2 


35. 068 


d 2 


6. 464 










r 3 


CO 


d 3 


10. 


n P 


1. 70559 


v P 


40.9 


r 4 


oo 


d 4 


9.5 


n P 


1. 70559 


v P 


40.9 


r 5 


oo 


d 5 


0.5 










r e 


25. 67 


d 6 


3. 62 


n 2 


1. 83930 


v 2 


37. 1 


r ? 


-270. 691 


d 7 


0.2 










r 8 


24. 568 


d 8 


0. 75 


n 3 


1. 85505 


^3 


23.6 


r 9 


11. Ill 


d 9 


4. 702 


n 4 


1. 69661 


V 4 


53.0 


r io 


75. 94 


dio 












r ii 


20. 69 


d n 


0.5 


n 5 


1. 83962 


v 5 


42.8 


r 12 


5. 469 


d 12 


2. 064 










ris 


-6. 748 


dl3 


0.5 


n 6 


1. 66152 


v 6 


50.6 


r H 


7. 407 


di 4 


1.765 


n 7 


1. 85505 


v 7 . 


23.6 


r is 


-80. 117 


dis 












r 16 


8. 771 


die 


2. 897 


n 8 


1. 69661 


V S 


53.0 


r 17 


-79. 477 


di7 


0.2 











d 20 3.884 1.441 3.874 

d 24 2.213 4.657 2.223 

[0 0 2 1] H2, H3*3±tfH4W:. Ztl^ti f -3. 
72, f =14. 296*3 J: t>* f =28. 644Tfc £ t % coJBRffiJR 
#&Mm. ^&JRM£^LTV^ 0 -f"*fct>. EI 2 

H^M, H2—H4te*5V^ HjRettejR^ 
ttS3*ffiiRM, — <S«i*cWtcj|R^*5JtS*BSiRSI, 
illlg«:gj|ftlc*3^t53«ffiiR2IS:*U-cv^« Q ifc, H2 

So **5, FttF a>tt#iH*i«:*LTV^ 0 
[0 0 2 2] [HJfefll 2 ] . 



(5) 



- 2 4 8 3 1 8 



r is 


7. 106 




3. Ill 


n 9 


1. 51978 


v 9 


51.9 


r 19 


-66. 263 


dig 


0.5 


n i0 


1. 85505 


vio 


23.6 


r 20 


5. 762 


<*20 












r 2i 


10. 


d 2 i 


0.8 


nil 


1.494 


vn 


56.8 


r 22 


10. 


<*22 


0.2 










r 23 


7. 657 


^23 


2. 691 


n i2 


1. 51872 


v i2 


64.0 


r 24 


-16. 529 














r 25 


oo 




3. 32 


ni 3 


1. 55898 


^13 


58.3 


r 26 


CO 















[0 0 2 3] 

b. &mm&m 
mm&m a 4 a 6 

r 10 ffi 0. 1383X10" 4 0. 4175 x 

r l6 m -0. 1518 x 10" 3 -0. 1521 x 

r 22 ffi 0. 9186 x 10" 3 -0. 1178 x 

[0 0 2 4] C. (^^cofig, M£MW) 

$&9fcr 16 ffiCOM^0. 7mm, M&&Wfe r 26 ffi(50^^2. 0 

mm 

[0 0 2 5] D. (M&mMi Lmm]lCttfclsfc&m(Dffl 
PS) 

17. 336 
1.88 



-0. 2186 x 10~ 7 

$1 l<DM&$£M%&<X*$Tfc'%fc 



3. 72 
1.63 



d 10 0. 9 

d 15 17. 464 

d 2 o 4. 826 

d 24 2. 104 



35. 711 
2. 55 
16. 214 
2. 15 
4. 816 
2. 024 



12. 482 
5. 882 
1.555 
5. 285 

[0 0 2 6] EI 5, EI 6 ^5 7 tt. ^ti^fti f -3. 

72 s f =17. 336*5 £0? f =35.711~C&3 t #CD^i& 

[0 0 2 7] ^±l£KLfc*#JcoX— AuyXl 0 jo 
V^Ttt, Hill lS:i^t5M/yXAPTW 

[0 0 2 8] Sfc, *0iJcoX— Ai/yXl 0^:38 V^T 

uyXL 1 ir^T^^jgiff^J^^oL 2, L3, L4 



A 8 

10- 7 
10' 5 

10" 4 0. 1273 x 10" 5 

[0 0 2 9] &*3, Ift/ljXi.P^f^X-Ai/y 

yXAP«sg*l:45 a £/c, JB1»1 1 <^m2l¥l 2 
©IHUKrJfclf Tt^/ y P *B«-t-5»**#A.«. 

*l#llt»2#l 2 0HBT-W:±*i»OffiA^A 
*HKAJ: fl^t^fe*, fi^-T 0 JJ Xa p 
43, »2»120»»g|BJ;9ft5fcIft/ 
yXAP^EifSi^^^i;^ A»3fi»oS$Sr 

[0 0 3 0] Sfc, 0l:*5V^ 
tt, #lf¥l 1 Sr*^5i&u^Xl 4^ft«|(OffiSr# 

«t5c^t, X— Ait(OiKfflF^t:i:*Hlfc**5r £ 

**-c*<5. mimi i £%s2mi'2<Dmmx 

#±5 ir-TSi:, aiffiTf 1»1 1 «WB 
W6i:3^«l*o«lE**Hlik:**. 1 Ki** 

«I5 0 MWofcl/yXL2, L3, L4©vn 
l/yXL4«r*»JSkt5ii^ 
[0 0 3 1 ] 

JSlcDQflU^X, Eft/yXi,, ^l^l/VX, 12 



(6) 



#BB¥ 8-248318 



[0 0 3 2] Sfc, SWI^y XAisjSi ©EJu-^XirKS 
1 <£>£j 1/ i: cDffli-gE^T*? 9 > % 1 <^QD 1/ VXt 
Ufc'fci: Kit* XASrifL 

[Hll] AuvX©*Jfe«<o#|^Sr 
[HI 2] *&Smoj£^Sfi33ft5^ffiJ&M, *^<R 
[HI 3 ] 1 ©tf>p H 1<0^^8ggt(c*5tt5^tSiR^ 



[04] ^6fi«l©aiSifS»C*JW5»iiJR^, 
IS, ffi*JR36Sr*i-H*T»ab5. 

[05] llMm<W£^ffifcfcit53*ffiiKM. *jfiiR 
IS, liSiRMSr^-t-lllT'&S,, 

[0 6 ] KiJfe^J 2 <©«f>HB©«tjSffi«H=:i3^53«ffi«S, 

[07] HJ6«2©aa«S»-*3ft53»ffiJRIS. *jfiJR 

[^WlfcW] 

10 x-ii/yx 

11 mim 

12 ft2& 

13 

1 4 f4# 

15 iKf? 

1 6 ^7^^? 



[01] 



[02] 





(7) 



2 4 8 3 1 8 



[S3] 



jo 




[04] 




(8) 



#HW8- 2 4 8 3 1 8. 
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